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DENSELY-SPACED LASER DIODE
CONFIGURATIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application Ser. No. 62/117,607, filed Feb. 18, 2015 and
herein incorporated by reference.

TECHNICAL FIELD

The present invention relates to single-emitter laser diode
configurations and, more particularly, to densely-spaced
arrangements ol single-emitter laser diodes.

BACKGROUND OF THE INVENTION

In the design and implementation of various types of
optical systems, arrangements where single-emitter laser
diodes are mounted on individual dielectric heatsinks (“sub-
mounts”) and electrically driven 1n series are well known. In
the 1nterest of creating ever-more complex optical systems
with higher degrees of integration, 1t will be preferable to
place these single-emitter laser diodes as close to each other
as possible, while maintaining optical alignment of their
emitter regions and retaining the ability to individually
control each separate device. Thus, at higher levels of
integration the need to individually place each laser diode on
its associated, individual submount becomes problematic. In
densely-spaced arrangements, this type of individual place-
ment will inevitably result 1n alignment errors of the emaitter
area of one laser diode relative to the others.

Additional problems that arise i attempting to form
densely-spaced laser diode arrangements are associated with
the specific sequence of fabrication steps used to form the
final product. That 1s, later fabrication processes that raise
the temperature of the laser-submount combination may
result 1n previously-aligned laser-submount elements
becoming misaligned. This may occur, for example, when a

high-temperature process causes the laser-submount bond-
ing material to “retlow” and create misalignment.

SUMMARY OF THE INVENTION

The needs remaining 1n the prior art are addressed by the
present invention, which relates to single-emitter laser diode
configurations and, more particularly, to densely-spaced
arrangements ol single-emitter laser diodes.

In accordance with the present invention, an integrated
laser structure fabricated to include a plurality of separate
light emission areas (e.g., laser bar, waler-based laser struc-
ture) 1s attached to a submount component of a size suilicient
to adequately support the enter laser structure. The surface
of the submount component upon which the laser structure
1s attached 1s metallized and used to form the individual
clectrical contacts to the laser diodes within the integrated
laser structure. Once attached to each other, the laser struc-
ture 1s singulated by creating vertical separations between
adjacent light emission areas. The submount metallization 1s
similarly segmented, creating separate electrodes that are
used to individually energize their associated laser diodes.

In a preferred embodiment, the submount 1s formed of a
dielectric material with a coeflicient of thermal expansion
(CTE) similar to that of the laser structure itself (e.g., GaAs
other appropriate material).
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The bonding of the laser structure to the submount may be
provided by (for example) gluing, brazing or soldering the
two components together. As long as an acceptable path for
thermal and electrical conduction (as well as mechanical
stability) 1s provided, any desired arrangement may be used.
The singulation may be performed by any suitable technique
for creating trenches through the integrated laser structure,
including (but not limited to) sawing, laser cutting, etching,
or the like.

An exemplary embodiment of the present invention takes
the form of an optical system 1including densely-spaced light
sources, the system comprising a plurality of separate
single-emitter laser diodes and a submount comprising a
substrate of heatsinking material and a plurality of separate
metallization regions disposed 1n a densely-spaced configu-
ration along a top surface of the substrate. The plurality of
separate single-emitter laser diodes are fabricated as an
integral structure where the light emission areas of the
diodes are aligned 1n an array configuration. After attaching
the laser structure to the submount, a singulation process 1s
performed to create spaces (trenches) between adjacent
single-emitter laser diodes (as well as spaces between met-
allization regions), thereby forming the densely-spaced con-
figuration.

Another embodiment of the present invention takes the
form of a method of forming a plurality of densely-spaced
single-emitter laser diodes supported by a single submount,
comprising the steps of: (1) providing an integrated laser
structure including an array of light emission areas associ-
ated with an array of laser diodes; (2) providing a heatsink-
ing submount including a top metallization contact layer; (3)
attaching the integrated laser structure to the heatsinking
submount; and (4) singulating the arrangement created 1n
step 3) to separate the light emission areas and for the
plurality of densely-spaced single-emitter laser diodes.

Other and further embodiments and aspects of the present
invention will become apparent during the course of the
following discussion as well as by reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings, where like numerals
represent like parts 1n several views:

FIG. 1 illustrates an exemplary arrangement for attaching
a plurality of separate single-emitter laser diodes to a
common submount;

FIG. 2 shows the same configuration as FIG. 1, with the
separate laser diodes shown as attached to separate elec-
trodes formed on the surface of the common submount;

FIG. 3 shows an imtial step of fabricating a densely-
spaced collection of single-emitter laser diodes 1n accor-
dance with the present invention, with FIG. 3 showing a
laser bar (including a one-dimensional array of light emis-
sion areas) prior to bonding with a common submount
structure;

FIG. 4 shows the next step in this particular fabrication
process, with the laser bar bonded to the common submount;

FIG. 5 1llustrates the formation of densely-spaced single-
emitter laser diodes by singulating the configuration of FIG.
4, forming a plurality of trenches through the thickness of
the laser bar;

FIG. 6 1s a plot of “bowing™ associated with a prior art
configuration of a laser bar bonded to a submount, the plot
showing the displacement (from normal) along the length of
the laser bar;
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FIG. 7 1s a plot of bowing associated with utilizing a
singulated laser bar 1n accordance with the present imnven-

tion, 1llustrating the reduction 1n bow achieved by using this
configuration;

FIG. 8 shows an initial step of fabricating a densely-
spaced collection of single-emitter laser diodes 1 accor-
dance with the present invention, in this case utilizing a
waler-scale fabrication process;

FIG. 9 illustrates a next step 1n an exemplary walter-scale
fabrication process, particularly well-suited for use with
edge emitting laser diodes, with singulation trenches ini-
tially created from the backside of the structure (i.e., through
the submount);

FIG. 10 shows a following step for this particular fabri-
cation process, where the laser wafer 1s diced to separate the
configuration mto a desired grouping of densely-spaced
laser devices;

FIG. 11 illustrates an alternative processing step that may
be used instead of creating trenches through the backside of
the structure, 1n this case creating grooves through the top
layer metallization of the submount water; and

FIG. 12 shows a following processing step of bonding the

laser-based watfer to the grooved submount as formed 1n
FIG. 11.

DETAILED DESCRIPTION

A first embodiment of the present invention 1s shown 1n
FIGS. 1 and 2. In this embodiment, a single substrate 10 1s
used as a dielectric submount to support a plurality of
individual, single-emitter laser diodes 12,-12,. Preferably,
submount 10 1s formed of a material with a CTE similar to
that of the semiconductor material used 1n the fabrication of
laser diodes 12. For example, when using GaAs-based laser
diodes (GaAs having a CTE of about 5.7x107°), a good
choice for the submount material would be Cu,,W (having
a CTE of about 8.3x107°).

A metallization layer 14 1s formed on top surface 10S of
submount 10 and used to provide electrical mput to laser
diodes 12. Each of the individual laser diodes 12, 1s shown
as comprising a “top” metallization layer 16,, a semicon-
ductor layer 18, (including a light emission area 20,), and a
“bottom™ metallization layer 22.. The designations of “top”
and “bottom” are associated with the location of light
emission area 20 within semiconductor layer 18.

In a preferred arrangement of this embodiment, metalli-
zation layer 14 1s formed as a pattern of individual metal-
lized contact areas 14, (hereinafter referred to as “elec-
trodes”) that correspond to the number and arrangement of
the plurality of individual laser diodes 12, on submount 10.
The patterned layer may be formed using any of the various
integrated circuit fabrication techniques used to form such
contact pads. The use of individual contact areas (electri-
cally 1solated from each other) allows for each of the
individual laser diodes 12, to be separately energized and
individually controlled in the manner required for systems
utilizing single-emitter devices.

In the configuration as shown in FIG. 1, laser diodes
12,-12, are oriented “top down” so that top metallization
layer 16, of each laser diode 12, faces 1ts associated metal-
lized contact area 14, on submount 10. FIG. 2 illustrates the
arrangement with the plurality of laser diodes 12,-12,
attached to their separate (and electrically 1solated) elec-
trodes 14,-14, 1n a one-to-one relationship.

In accordance with the present invention, all of the
individual laser diodes are ultimately supported by the single
dielectric submount (substrate) 10, which performs as both
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a mechanical support for the laser diode structure as well as
a heatsink that removes unwanted thermal energy from
activated laser diodes. Inasmuch as each electrode 14, i1s
1solated from the other, the laser diodes will be 1solated from
cach other as well and therefore may be separately energized
and operated 1in any sequence appropriate for a particular
application. The spacing A between each laser diode 12, 1s
thus a function of the spacing created between adjacent
electrodes 14, (as well as the limitations on the individual
dimensions of each laser diode component). As a result of
using the single submount, the configuration as shown in
FIG. 2 provides for an increase in density (in terms of the
number of separate laser diodes disposed within a specific
area) over prior art arrangements where each single-emitter
laser diode 1s disposed on i1ts own separate submount, while
also allowing for individual control of each of the laser
diodes.

While using a single submount platform as shown 1n FIG.
2 allows for improvements in the ability to reduce the
spacing between single-emitter laser diode structures, the
need to individually place each laser diode on 1ts own
metallized contact area (as shown 1 FIGS. 1 and 2) can be
time consuming and costly (and may result in optical
misalignment of the emission areas of the individual laser
diodes). A preferred embodiment of the present invention, as
shown 1 FIGS. 3-5, addresses this concern by using an
integrated laser structure containing an array ol separate
light emission areas instead of individual laser diodes as a
starting point 1n the fabrication process.

Referring to FIG. 3, a laser bar 30 1s shown as formed
from a semiconductor structure 32 that 1s fabricated 1n a
well-known manner to create a plurality of separate light
emission regions 34 disposed along a defined axis of the
structure (shown 1n the cut-away view of FIG. 3 as being
along an x-axis direction). Semiconductor structure 32 1is
then processed to include a first metallization layer 36
formed on a top major surface 32, of structure 32 (again,
“top” with respect to the location of emission regions 34
within structure 32), and a second metallization layer 38
formed on a bottom major surtace 32, of structure 32.

Similar to the configuration described above, a single
submount component 40 1s used as a support substrate and
heatsink 1n conjunction with laser bar 30. Again, 1t 1s
preferred that submount 40 exhibit a CTE similar to that of
laser bar 30. As shown 1n FIG. 3, a metallization (contact)
layer 42 1s disposed to cover a top surface 40S of submount
40.

FIG. 4 illustrates the next step in this exemplary fabrica-
tion process, where laser bar 30 1s attached to the exposed
surface of metallization layer 42. The use of a single step to
attach a plurality of separate emission regions 34 to the
submount structure results in an arrangement where the
individual diodes are automatically aligned with each other.
Either one of the “top” or “bottom™ metallization layers 36
or 38 can be attached to submount metallization layer 42,
with top layer 36 preferred for embodiments where thermal
1ssues are a concern (ellicient transter of heat from emission
regions 34 through submount 40 and into an underlying
cooling element). The attachment may be provided by
gluing, brazing, etc, but preferably by soldering the two
layers together. The maternial and method used to join
together these components 1s chosen to provide good ther-
mal and electrical conductivity, as well as to add mechanical
structure to the configuration.

The required densely-spaced “‘single emitter” configura-
tion of the present mmvention i1s then formed from the
arrangement as shown 1n FI1G. 4 by singulating the structure
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to physically separate the plurality of emitter regions 34
formed within laser bar 30. This step 1s shown 1n FIG. 5,
where the singulation 1s created by forming a plurality of
trenches 350 1n spaced-apart locations across the structure.
Trenches 50 may be formed by sawing, laser cutting, etch-
ing, etc, using well-known integrated circuit processing
techniques to control the specific locations where the
trenches are to be formed. In the case of sawing, the sawing,
would preferably be performed through bottom metalliza-
tion layer 38, as shown i FIG. 5, and proceed through
semiconductor material 32 and top metallization layer 36 (as
well as passing through the solder or other bonding material
used to join the components together).

The structure resulting from this singulation process
results 1n a configuration essentially 1dentical to that shown
in FIG. 2, but with an improved degree of alignment
accuracy by virtue of starting with an integrated laser
structure having pre-aligned light emission areas.

It 1s possible to provide additional electrical 1solation
between adjacent laser diodes 30 by forming trenches 50 to
extend beyond metallization layer 42 and into submount 40.
FIG. 5 1llustrates particular embodiment. The step of extend-
ing the trenches into the submount material eliminates the
need for a structured metallization of the submount and the
bond material (solder), as 1s required for the arrangement of
FIG. 2.

The creation of a singulated structure from an 1nitial laser
bar 1n accordance with this preferred embodiment of the
present invention has been found to provide for the auto-
matic alignment of the individual laser diodes to each other,
while also significantly reducing the emission line mis-
alignment (1.e., “bow” or any other type of wavy-line
irregular mis-alignment) often found 1n prior art configura-
tions using a laser bar. FIG. 6 15 a plot of displacement in the
emission line of an array of laser diodes formed within a
laser bar of the prior art. Inasmuch as this structure is
typically used as an array source where each diode 1s
simultaneously 1lluminated and operated in parallel, there 1s
no separation created between adjacent laser diodes. The
displacement 1s measured 1n a direction vertical (y-axis) to
the surface of the bar, and 1s shown for a 115 pum thick GaAs
bar (CTE ~5.7x107°) attached to a 400 pum thick Cu,,W
submount (CTE ~8.3x107°). The bow for the prior art
configuration plotted in FIG. 6 1s about 9.3 um.

FIG. 7 1s a plot for the inventive singulated laser bar
configuration formed in accordance with the present inven-
tion. While using the same materials and dimensions as
described above, the introduction of trenches to form a
singulated structure 1s shown to sigmificant reduce watler
bow. It 1s to be understood that the scale along the ordinate
of this plot 1s half the value of the scale shown in FIG. 6. The
decrease 1n bow, relative to the prior art plot of FIG. 6 1s
clearly shown. Indeed, for this exemplary embodiment of
the present invention, the maximum bow for the singulated
waler 1s on the order of about 5.1 um (compared to 9.3 um).

As mentioned above, drawbacks in many of the prior art
processes ol attaching individual laser diodes or bars to
submounts are associated with the sequential process flow
required to complete the fabrication of the final assembly.
For example, other elements to be included within a laser
transmitter may need to be bonded or otherwise attached to
the same submount as used to support the laser diode.
However, any further heating of the submount (as required
to bond another device) results in disturbing the alignment
of the laser diode to the submount.

This problem 1s addressed 1n accordance with yet another
embodiment of the present mmvention. In this case, the
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single-emaitter laser diode structure and associated submount
1s created using a wafer-scale fabrication process.

Referring to the process described above with FIGS. 3-5,
it can be shown that instead of using a longitudinal “seg-
ment” of semiconductor material and forming a laser bar, 1t
1s possible to fabricate an entire waler of the single-emuitter
laser diode structures, and then bond that watfer to a second
waler that 1s utilized as the heatsinking submount (the
submount waier formed to include the overlying metallized
contact layer). The water-to-wafer bonded arrangement can
thereafter be diced 1nto any desired configuration, including
single laser diode devices (formed on a single submount), or
a one-dimensional array of devices (as shown 1n FIG. 5), or
even a two-dimensional (2D) array (1.e., a plane of separate
laser diodes disposed on a single submount). In each case,
the well-known water dicing process 1s used to form the
desired array configuration (1D or 2D), and the trenching
process described above used to provide singulation
between the individual laser diodes within the array struc-
ture.

This type of fabrication 1s well-suited for vertical cavity
surface emitting lasers (VCSELSs), since the optical emission
from the laser diode extends perpendicular to the light
emission area. That 1s, since the emission extends 1n a
direction perpendicular to the surface of the device that 1s
diced (or cleaved), the dicing process does not aflect the
optical quality of the surface through which the light exits
the device. However, for edge-emitting laser diodes, a
mechanical process of sawing through the bonded water
structure may adversely impact the quality of the optical
surface (1.e., the facet) through which the signal exits. In this
case, a set of steps as shown below 1n association with FIGS.
8-10 may be used to provide waler-scale fabrication of
edge-emitting singe-emitter laser diodes (and their associ-
ated submount structure) in accordance with the present
invention.

Similar to the various embodiments described above, a
waler-based laser arrangement 80 1s shown in FIG. 8 as
comprising a semiconductor waler 82 within which an
active layer 84 1s formed. In this case of edge emitting
devices, the light output will ultimately exit from active
layer 84 1n a direction parallel to the z-x plane. A top
metallization layer 86 disposed to cover a first major surface
of water 82, and a bottom metallization layer 88 disposed to
cover the opposing, second major surface of waler 82.

As shown 1n FIG. 8, waler-based laser arrangement 80 1s
attached to a submount wafer 90, and in particular 1is
attached to a metallized contact layer 92 formed to cover a
top major surface of submount water 90. In a preferred
configuration of this embodiment, the CTE of submount 90
1s relatively close to that of semiconductor water 82. This
step 1s essentially the same as those described above to
provide the mitial attachment of the submount to the laser
diode structure.

In this configuration where edge emitting devices are
used, 1t 1s proposed to imitiate the singulation process by
forming trenches “upward” through the submount, instead
of “downward” through the laser structure, as with the
previous embodiments. This 1mitial step 1s shown FIG. 9,
where a plurality of trenches 90 are formed as shown to
extend upward from a bottom surface 90B of submount
waler 90. As with trenches 50 described above, the place-
ment and separation between the individual trenches 90 are
dictated by the predetermined locations of the active regions
of the edge emitting devices. The depth of trenches 90 1is
chosen to penetrate through the thickness of submount water
90, metallized contact layer 92 and, perhaps, also through a
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portion of metallization layer 86. The trenching process 1s
controlled so that 1t 1s stopped prior to reaching semicon-
ductor wafer 82. Thus, at this point 1n the process, there has
been not been any direct processing of the facet from which
the edge emitting radiation will exit.

The next step 1n the process, as shown 1 FIG. 10, 1s to
define the separate laser emitter regions. Various well-
known techmiques may be used to perform this step (for
example, etching or dicing through bottom metallization
layer 88). The separations are denoted by reference numeral
100 1n FIG. 10. Dicing along crystal planes may be pre-
terred, since this process typically achieves the best results
in terms of smooth surfaces in the emission areas. The dicing
1s performed either under an atmosphere or 1 a vacuum.
Subsequent to the dicing, the emission area of the semicon-
ductor device will be passivated and coated with films from
dielectric and/or semiconductor material, as 1s well-under-
stood, to create an optically smooth surface.

FIGS. 11-12 illustrate an alternative to the portion of the
process shown 1n FIG. 9. In this case, the combination of
submount wafer 90 and metallized contact layer 92 1s
initially processed to create a plurality of grooves 110 that
extend through metallized contact layer 92 and into the
material forming submount wafer 90. As shown in FIG. 11,
grooves 110 are shown as extending only through a portion
of the thickness of submount water 90.

As shown 1n FIG. 11, laser-based water structure 90 1s
bonded to the grooved submount structure. The following
step, shown 1n FIG. 12, creates trenches 112 through the
backside of submount water 90. In this case, trenches 112
need only be deep enough to expose previously-made
grooves 110. Once this step 1s completed, the processing as
shown 1 FIG. 10 can be used to form the final densely-
spaced configuration.

Various preferred embodiments of the present invention
have been presented and explained 1n detail. However, 1t 1s
to be understood that, without departing from the spirit or
scope of the appended claims, various changes and modi-
fications are possible.

What 1s claimed 1s:

1. An optical system including an array of densely-spaced
light sources comprising

a plurality of separate single-emitter laser diodes com-

prising an integrated laser structure including multiple
emission areas, the multiple emission areas singulated
by a plurality of trenches to form the plurality of
separate single-emitter laser diodes; and

a common submount comprising a substrate of heatsink-

ing material and a plurality of separate metallization
regions disposed in a densely-spaced configuration
along a top surface of the substrate, each separate
single-emitter laser diode disposed over and contacted
to a separate one of the plurality of separate metalli-
zation regions and forming the array of densely-spaced
light sources supported on the common submount, the
plurality of trenches extending into a portion of the
substrate and providing 1solation between adjacent
single-emitter laser diodes while maintaining the com-
mon submount configuration for the array.

2. The optical system as defined 1n claim 1 wherein the
plurality of separate metallization regions 1s formed as a
single layer of metal, with the plurality of trenches extending
downward through the single layer of metal to form the
separate metallization regions.

3. The optical system as defined in claim 1 wherein the
integrated laser structure comprises a one-dimensional array
of separate light emission areas.
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4. The optical system as defined in claim 1 wherein the
integrated laser structure comprises a walfer-based configu-
ration including a two-dimensional array of separate light
€mission areas.

5. The optical system as defined 1n claim 1 wherein a
coellicient of thermal expansion (CTE) of the common
submount 1s substantially similar to a CTE of the integrated
laser structure.

6. The optical system as defined in claim 1 where the
integrated laser structure comprises a GaAs-based structure.

7. The optical system as defined 1n claim 6 where the
common submount 1s selected to exhibit a CTE 1n the range
of 3x107° to 10x107°.

8. The optical system as defined 1n claim 7 wherein the
common submount comprises Cu,,W.

9. A method of forming an array of densely-spaced
single-emitter laser diodes supported by a single submount,
comprising the steps of:

a) providing an integrated laser structure including an
array ol light emission areas defiming the array of
densely-spaced single-emitter laser diodes;

b) providing a heatsinking common submount including a
top metallization contact layer disposed as a covering
layer over a substrate;

c) attaching the integrated laser structure to the top
metallization contact layer of the heatsinking common
submount; and

d) singulating through the integrated laser structure and
top metallization contact layer of the arrangement
created 1n step ¢) to separate the light emission areas
and form the array of densely-spaced single-emitter
laser diodes on the heatsinking common substrate.

10. The method as defined in claim 9 wherein 1n perform-
ing step a), a laser diode bar including a one-dimensional
array of light emission areas 1s provided.

11. The method as defined 1n claim 9 wherein 1n perform-
ing step a), a water structure icluding a two-dimensional
array ol light emission areas 1s provided.

12. The method as defined in claim 9 wherein 1n perform-
ing step b), a heatsinking common submount exhibiting a
CTE similar to the integrated laser structure 1s provided.

13. The method as defined in claim 9 wherein 1n perform-
ing step c), the mtegrated laser structure 1s soldered to the

top metallization contact layer of the heatsinking common
submount.

14. The method as defined in claim 9 wherein 1n perform-
ing step d), a plurality of vertical trenches 1s formed down-
ward through the integrated laser structure and the top
metallization contact layer to provide the singulation.

15. The method as defined in claim 14 wherein 1n per-
forming step d), the plurality of vertical trenches 1s formed
to extend 1nto a portion of the substrate and further i1solate
individual laser diodes while maintaining a common sub-
strate for the array structure.

16. The method as defined 1n claim 14 wherein the
plurality of vertical trenches 1s formed by sawing through
the integrated laser structure.

17. The method as defined 1n claiam 14 wherein the
plurality of vertical trenches 1s formed by etching through
the integrated laser structure.

18. The method as defined in claim 9 wherein 1n perform-
ing step d), the following steps are performed:

dl) forming a plurality of vertical trenches upwards

through the substrate and the top metallization contact
layer; and
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d2) dicing through the integrated laser structure to define
the array of light emitting regions for the array of laser
diodes.

19. The method as defined 1n claim 18 wherein 1n per-
forming step a), a plurality of edge-emitting laser diodes 1s 5
provided and subsequent to step d2), performing the fol-
lowing:

passivating light emitting edge regions created 1n step d2).

G x e Gx o
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